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(54) RAKE rw6iMr comWitins aN the useful mulBfWth cooiponents oi • apTMd spectnim signsi 

(57) The preeant invention extends the BBke axdti- 
tecture as deoussed in o(H>ending patent appicattesn 
nuntier 9316999.5 in wtvch ttie need far a eat of Rake 
fingarscOtfsrinoacontlnjQUBmneeafcMU^inonec^ 
step5 i9 removed. TYie apparel only «onnfv^ a amaft 
nun4>ef of Raitt fingers, ona or moreolwhi^ IS assie^ed 
at any (pvan tkna io perfarm a searchinQ operation. 
Whenever the eeardiins Bake ^nger or fingers finds a 
path aftlh higher energy tfw the current lowest Raivefw 
ger tt>e roles of the Rake finger are exchanged. 
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Oeserlption 

The pras«rit irfiwition reta^ to apparalus tor 
oqiQvneRt providafig a digitei mcfio link usa>o 
secpience spread qpectrum betwveen a fixed and a 5 
mobBemdtouM. 

lncot}«ncinB potent eyv^caSon mmt>er 9316489,5 
therehsdescrOeda Ral<B receiver in wNch^sampeng 
o^theeignalts applied at onJ/one sample per chip. Fbto 
fingen^twredesii^ to cover the wTioto deity 
of me elgnal in one chip intervale, and i>ecauee together^ 
«ie Hate fingers examined the entire delay spread, thia 
removed the need for a searcher function to allow the 
receiver to operate iwtth ttw best possible responsive- 
neae to the Changing channd oonc^ions. 

The present invention relates toe diti^em require- 
mem for a reoiiiver which ^ channel is diano' 
ing very alow^y and the ec|uipment is extremely cost 
senahiva 

In Nc situation, there is no need to have a receiver 
whkrh can respond rapidly to changing charvtei condi- 
tions, for this reason It is des^able to have crt^ a few 
RakefingerslhatOTftwIy tobe activeat any gvsnfime. 
It may not be Immedlateiy apparent 1M sanrfiing at only 
one sample par Chi) tfi adhnntaoeoiis. 

in fsK^ the use of Bincfe sample per chp operation, 
coupled with an appropria^ Iteke assignm»it 
leacte to urnciue advantages, as foBows. 

VMth NycMst ntehrtg^ degradation due to conetetkm 
of noise acroes the Rake fin(^ is avoided because the 
gaps batvveen fingers are aA^ys ftrned to coincide 
the zeros of the auto^GOTf^lon function of the fittered 
receiver input noise. 

The course alignment d Rate fingers nrteans that 
thereisnoneedtoniniraddng loops, in the same way 
asforhecornpr^hensive Rate receiver as descrtoed m 
the alXTve menHoned patera appfcelioa the result ts a 
signincam savr^ in conplextty. in essence, the slowly 
changing characteristics of the channel are iracted by 
occttskinaiy re-assignIng the timing of a finger. 

/Widbject of the preseiiftinventen is to provide afspa* 
ratus fCK use hi ec|uipment provkfins a di(^ radto link 
between a fixed and a moUe fadk> unit in which the 
apparatus has n Rate lingers out cd which n-1 can be 
active at any gwen tima 

Accofding to the present tnverition there is provU^ 
apparatus ftM^ use in equipmem provking a rad^ 
lir^ between a fbeed and a mobfle racfo unit, saki appa* 
ratus coriprfeing a plurality of Rate fingers and rneans 
fbrconbolnglhe operatton of eadi Rate finger so tfiat 
at any spven time one Ratofinger Is arranged to search 
the delay spread, and mrans tor examining the energy 
of each Rate finger so that weaver a Rate finger is 
found to have an energy lower than that found by the 
Rate finger currency searching, the Rate finger with the 
kiwer eneiigy takes over tfie searc}^ lunctton wtile the 
prevtous Ftate finger that w& search^ becomes an 
active R^ finger. 



An embodtmani of thepreeenL inventen wiS now be 
descriMd with reference to the acconpan^ drawing 
wtierein 

Figure 1 shows a btock <Sagram of a base Dtfferen* 
tiai Phase Shm Keyrng (DPSK) receiver 
Figu'd 2 shows a b^ocH diagram of a controKer as 
shown in Rgiffel. 

Fi^eSshcmr^uriotiStirtiing diagrams gfcbck Sig- 
nals which relate to Fqure 2, and 
Fi^e 4 shows a Uoek cK^m of a bask> Binary 
Phase Shift K^lng (BP3K) receiver. 

Ref^ng to Figure 1. a basic OPSK receiver Is 
shown, contpfising a complex shih rei^ster 2 vMch 
receives at an input 4 hereof, a dilgttai conplex t>ase- 
band sigmd. The receiver Js shown having three R^ 
fk>gefs. 6, 8, 10. Each Rete finger comprises a ewit^ 
I2hav^ a number of first oontads each of which is con- 
nected to a respective stage of the conrplex shift register 
2. Each of the input contacts hasarespectfve output con- 
tact which is connected to a signti correlalor 1 4 so that 
each Off «ie individual outputs from the complex shift reg- 
ister 2 can be applied to the input of the si^P^ correlfltor 
14. The outpid of the correlator 14 comprises two output 
Enes. en kifriiaae line and a Quadrature phase lina The 
Inphase Ine Is connected to all ktput of a 1 -tA delay ck- 
ait 16 and to an input of a muKpiying drcuit 18. The 
output of the delay' drcuH 16 is connected toan input of 
a natfplying circuit 20. the oulput of whkii is connected 
to a fiter 22. The output oi the fiter 22 is connected to a 
fi^er input of the nriultiply^ drcuK ia Stfniar diT^ 
is provkied tor the quadrafureoulpui of Ihecorrdaior 14 
and comprises a 1 ^ delay circuit 24, a muKipyNng dr* 
cuit 26. a filter 28 and a ftjr^ muKip^ ckcut 30. 

The ot^Kits torn the multiplying cfrcurts 18. 30 are 
connect to a respective of a summer 32. the out- 
put of whteh Is connected to an input of a awlch 34 and 
to all Inpift of a funher 1^ delay circuH 36. the ou^ha 
whk^ is connected to an input of a mult^ying circuit 
38. The oitfput of the muitipiying drcUt 38 is appGed to 
afifsttiputof accxi^dler 40. The ou|:Hit the switch 
34 isconnectedtoan inputof a summer42. The summer 
42 also reoeivea two fi^ar inputs fimi the switches 34 
inlheotherRatef^ngersB, lO.Theoutpueof^esummer 
42 is comectedtoan input da l-Utdebyctrcurt 44 and 
to an input of a differential decode circuit 46. the otitput 
of whichgeneratesthedemodulateddalBon Bne48. The 
output of the 1-bitdeiay circuit 44 isconnecledtoanirtoi^ 
of a hard-IM^ devtoe SO* tff e outpirt of wf^ is con- 
rtected to asecond kput of ttemutt|3ly»ngckcuit20. 26. 
38 An output from multiplying droA in eachd the other 
Rate fingers 8. 10 corresponcSng to the output Of the 
rruKplying ckcuit 38 is connected to an kiput of the con- 
trofier 40 respective^. The contrdlergertoraies an output 
signtf tor each of the Rate ^ers tor contrtriBr^ the 
operafion of the switoh 12 and prcvUes a conlro! 
sigra^ tor oontroSng the operation of the switch 34 in 
each of the Rate nngers. 
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Figure 1 iilustmtes a paraSel arcNtecture lor a 
spread spectrum DPSK receiver usNig decision drecfon 
for channel estlfnation. As described above H shows 
three togers (i^ >^3 and the maximim of two 
Rake fingers are active at any given trme) receiver wNch 
covers a delay spread of ten ^hips. The complex shHt 
regtel^ 2. covers the ten Ghipe ct Gtoieqr epread and an^ 
of the Rake f^ers 6. 8, to may' select any of these ten 
delays. 

Conddec^ tt)e operatk)n of the first Rito fif^ 
the first operation is to connect the selected deiay posi- 
tion to the input of the correU^ circuit U by means of 
thesivltch 12. iheuseof aslngleshmreg^wWiswitch 
having a pimality of eeiedabla output for e«:h of the 
Ratce Angers is mere^ for filustrafion pi^poaes only. 
exanv>t« a much more effictont nieans of peffori^ 
functm woiid be by ui»ng poMere into a memory. 

The Choice of awHch oonneotiQns lor each Bedce fin- 
ger is under cor^ of the controller 40. which wl be 
descrbedincletaii later. 

The operation of F^e 1 toUoumg the sic^ conre- 
la^ 14 is basically as desaibed in the above menformi 
parent apptlcatton. Theoutputs. I andQof theoofreMor 
drcutt 14 pass through the one fait delay dn3uit&l& 24 
respectivQiy mto tlie nHMfatying drcuits 20. 26 which 
renriove ^ modulation de^C^ on tha pfevfous synt)ol 
Having removed the modulation, the signals are passed 
to esiifTtfrting filters 22, 28 to pravkle an ove^ 
of the comr^ patt amplitude for the delay selected by 
the 12. This estimale is fed to the muttiplying dr- 
cuits 1 8, 30 to phase idgn and mpfitude wei^ the sig- 
nal in conjunction wHh ^ summer 32, At ttils potnt a 
signal component suitable for oonMn^ is avaSable, 
However, the oompon^ tMII only be corrMried if the 6^ 
nalisnot&>eweEtfce6t (teiffie Rakef^er is notcurrentty 
searching}. Hvs decision is made by the controller 40 
acting upon mfonnation obtained kom the l^delay or- 
cult 36 and the nriultiptying ciroiit 38 tn each R^ finger. 
The delay circuit 36 ktsers a 1^ delay alowfng tf^ 
overaS modulation, again to be removed from tie tignal 
on the selected pam (this ftne after phase aEgnment and 
anrfilitude weighftig} by the muttiplying drouft 38. Conrv 
parison of the levels at Ifie output <^ the mutHplying drcuft 
38 (atof avraging in he controHer) for each of tt)e Rake 
nngers. anows M to assignee Ralce fingers which con- 
Mmte s^nal to the oUput and the Rito fingec which Is 
currer% eerv^ only to search fx the stronger paths. 

Retarrcng to Figure 2 end to Figiffe 3« the oonlrofier 
wifl now foe deecriMd The controller comprisee ttree 
input lines 92* 54« 56 which receive the respective ou^ 
from the multiplying drcult 3d in each Rake finger of Fig- 
ure! The s^nite are apptted via integraters 58. 60, 62 
to an input of a selection arcuit64« respecfemiy. Hieou^ 
puts irom the setection cvcuH 64 are £v)p1ied directly to 
the Rake fingers to control tfie Gwftoh 34 in each Rake 
finger. The outputs are also applied to an input of a con- 
flict reeo^er 66 and to w input of AND^iatee 6ft 70. 72 
raspeciMQly. The cortfict r esofver 66 generates an output 
sicFtdl which is appNed to an input of an OFV-gate 74, the 



oulputof which IsappfiedloalurtheF ffputof AND-gates 
66. 70and 72 respectively. The outputs fiwi the AND- 
gat^ 68. 70 and 72 are oonnected to all input of a ring 
counter 74, 76. IB reepe^vely, the outputs of which are 

5 used the respectEve Rake fingers of Figure 1 to setec^ 
me position of the switch 12 for that particular Rake fin- 
ger. The output of tta ring counters are also applied lo 
further inputs of the oonffict reeotver 66. The conmct 
resolver 66 receives a dock enatte signal Ck3. and iht 

to swie viQpai is also appied to an input of an O R-gate 80. 
The OR-gate 60 and the ORiiate 74 receive a dock sig- 
nal Ck2. and «)e output of the OR-gate 80 provkiee a 
dock signai ^ order to reset the integrators 58> 60i 62: 
The operation of tfieoorrtrollerwNf now 130 descrftMd 

15 with retarence to Figir e 3. 

Whie the ckKk signal Ckl is high the seiectkyt dr* 
cuit 64 fs enaialed. Ihte compares tfie measured levels 
at Its inputs after averaging by the integrators 56^ 60 and 
62 and produces a Ngh level on tie output which oorre- 

£0 sponcfe to tfte kkwest measured level. Aft other outputs 
are low. Theee output changee are latched so that tfisy 
occur essentMy instantaneous^ <well wttWn a bit 
period). The oi^uts cireclly control fie switches 34 1^ 
e»ch of the f^ake f ingers (a kiw level on a ^ resuft m a 

s$ swifc^ connacHon whk^ is doeed}. Thus, ail the Rake 
finger outputs except the we<^ are combined, 

Meoct the dock signet Ck2 goes high, producing a 
pulse on the input of tie ring counter coire^Tondk^g k> 
the pail selected kx the relevant Ralo finger. This 

30 rnovestt>epe8idelaybyonechf}.tftiieendofthe8earch 
delay spt^ is reached, «ie path will be switched bade 
to ttw beghning because ring ooui^ers are used. This 
operation wfll be oorred provided the Increment does rKit 
place the R^ f ing^ path onto the same dei^ as 

^ existtng Rake leer's p£rti. The oortfKct resohw 66 
een«wtoavoidthis. When the ck)ck6igndCk3 goes high 
the a»il«ct resoiver 66 compares fie counts on each of 
me Rake fingers other than the selected (weakest) one* 
against the selected one. Every time a match is fo^, 

40 the conflict resotver 66 produces a pulse whk^h more* 
n^nts the rkig counter for the selected patfi untS all oom- 
parisorts have t»en tried. 

TT>e fteto finger wfiich tus kieen assK^ed fie 
sear<tingfim:tk)nisnowexamininganewpos&k>n. Dur» 

43 ing the perkxJ labeled Valid measuremem intarvaT, a 
newnteasuremem isper«3rnied torfie newpositk3n(and 
fiemeaaurementsttreupdatedtor the existing Ft^ fin- 
gers), making fw measured lev^ vaJkl for a nm 
update. Tlhe measurements we oompletaly nm 

so becausetheclocksignaiCkhasreeettheintegralors52. 
Si, 56 whksh now aocumUaie the new value. 

The process wifl be repeated with the sanw Rake 
finger searchvig in one shift ^eps across fie delay 
spreadL missfng out fie currently ral^ paths, until It 

59 measures a pafi to have a hii^ power than measured 
on fie e)d6»ng RakefingerpofiWons. When f^ happens 
f>eexlEtlrig Ftake finger wi begin k> search and tf^epre- 
vkxis^ rak^ finger wi feed tnto the summer 42 of Fig- 
ure 1. 
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More MtKmm searcNng couU be acMeved 9 the 
naMrfy saeM^chlns Raka linger wore to cair/ on ^ 
ifofn whara ttta praviously saarching finger fin- 
ished . This could be achiavad by h»dhg tie ri^ 
coirecporiding to tr)a new seardier wth «te cont^ 
ttie ring counter oon^epond^ tathe old aaardw* prior 
to incrementing. Addftoial circuitry to achieve thi« is 
Miplementabie in a mannor sb-aight forward Id those 
versed in the art 

ft is alGO possUe to have mare than one eea^char 
opereMonal SBnuHaneou^- For axampie, with p 
searches, at tte end of each measurement irttarvai. the 
searchesbeoomereassignad asthep FW^af vigershoki- 
mgthaplawafitmaBsuradanergiea The seerch is then 
pragrassad w^h paths in nutfualy exclusive search pat- 
terns. Thiscanbeachiei^inoneormany waye. eg corv 
ci1r»n the ^ counters to counting steps ol p from 
cfifStorent modUo p start pos^ons. or constrain the ring 
oounlore to coiffHing ^ngie tttspe bU cvsr Kftfferwt 
ranges. 

The abiity IQ provid a for efferent nunrters of sftardv 
ing Rake fingm affords a posabM^ of a new level of 
ffrty<Bfr¥1y In which the nunnber of Bake Angers given 
over to aemhsng and the remaMer for ral«no anargy is 
varied in accordmce with ttte varffii)aity of the chmnel. 
Thus, for a rapidly changing <^net, more Rake fingers 
Muld be neededforseaioh^thanonaskMrfy chanting 
channel. Moreover, for a rsfMy changing channel, the 
estimating fKer length must be shorter, resulting ^ 
poorer chmn^ esBmate s leading to ificreased combiner 
toss. Thue, for the rapidly changing channei. f^wer Rake 
finger Oi^Pi^ can usefuly be cont)inad. Iher^oresonie 
Of these cafl be reMncMshed and given over for saafch- 
ing. 

With reierence to Figure 4 «ie architecture of a 
fainaryphaseshi6kBying receiver is shown whereapitot 
signal is transinMed The circuit is ve^ simitar to Figure 
1 and like elements have been gwan Ito refereru^e 
numerate. The only important difference tMtween Figi^e 
4 and Figure 1 is the absence of flie d«^ston directikxi 
drcuf^andtheinGlustonof thep«oloorre{ah»^82. The 
pitot correlalor 82 generatee two output signals, an 
inphase end a qMadrature phase ^ Q> rospec* 
tiva^. Each of these signals are pwed through a fitter 
drouite4« e6andthentoarnul^ngcireuit88.90 which 
effectively sqMares the ou^ of the rsepectivo fiSer cir- 
cuits d4, ae. The output of the muttfif ying circuit aS. 90 
arefed toastfnmer92. tfie output of which is used as 
one of the kiputs to the cortfoller 40. 

The pitot cai be used for obtaining channel esd^ 
mates to altow good pftase afignmer^ and wei$^ifing of 
^ originaMy raksd sign^ components. The piot can 
also tM used to determN^ the relevant powers of the 
conportents of the ot4put of the various RakefirKiersin 
order to assign Rake fingers and searchers. The opera- 
tk)n of the conlrc^ unit as shown in Rgure4is exactly the 
same aa that described with referenoe to Rgure 1 . 

It wia readay be ^ipredated by those akited in the 
art that various knplemerttations of the receiver are pos- 
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sUe without departing from the soope of the preaent 

in/ention. 

Ciaints 

5 

f . Apparatus fc? use ^ equipment providing a digital 
radto ink betiween a fixed and a mob9e radto unit, 
said apparaitiB comprising a plurality of Rake fingers 
arKf means for oontrdfaig the operatcn of each 

to RakeSngerao^atanygivenfmeoneRakefinger 
is anrmged to search me deKv ^'^^^ <vid means 
lor eaomining the energy of each RaKe finger so t)Gft 
whenever a Rake fjngar is found to have an energy 
kNm than that found by tha Rate finger cunran^ 

f9 seaiohing. the Rake finger wflh the kiwer energy 
takae over tfte searcftfang function whto the previous 
Rake finger that was searching becomes al acSvo 
RalQsfingar, 

^ 2. Apparatusasdaimedjndaiml.whereinaahiflreg- 
istar receives ft digital oompiox baseband signal and 
each stage of the shift register is connected in par- 
8Hel to each Rake finger, and each finger is 
«nmged wife nr>een8 for selecting which shit regis- 

25 tar etac^ is to l>eaocspted by the Rake finger. 

a Apparatus claimed in ciafon 2, wherein the means of 
seiecling ^ ret^ster stege coriiprises a mutfi* 
w^ switch. 

so 

4. Appafa^a$ctoirnedinciaim2,tfi^eint>erneans 
tor sefecttng the shift register stage conprises a 
memory Sfranged to use memory points^ 

35 5. Apparaas as daimed in any preceding daim. 
wherwn ^ means tor selectng the shHt register 
stage oomprfses a cortirc^ indudirv means to 
receiving the outputs from each Rake finger and 
means tor selecting the smalest measured siffiel 

40^ received, and is to cor^ a further swUch to 
the respect R^ftoQsr to oontrol the output from 
tiat Rake finger. 

& Apparatus as claimed in daimS. wherein the 0(4put 
4s from the means of selecting the emale^ measured 
level Isi^ied to m input of a leepecttvering ooim- 
tar under the control of a oonfict resolvar, and is 
used to coittiol the means far selecting the shift reg- 
istor stage. 

so 

7. >^3panMus as c^iimed m any preceding ctoim, 
wherein tfve apparatus oomprisas a difiiersntiri 
phase shift keyk^g receiver. 

ss a. Apparatus as datoied in any one of the precedhg 
daims 1 to 6. wherein the apparatus comprises a 
binary phase shift keying recover to vAich a pilot 
stgnai is utiised. 
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ft Apparotiis as dairrwd in any precacfing dainri, 
wherein a piuraSty of Rake ^er$ perform the 
searching furtctkm slmuttaneous^. 
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